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INTRODUCTION 
 Abdominal wound dehiscence (Acute wound failure or a burst 
abdomen) refers to the postoperative separation of the abdominal 
musculoaponeurotic layers.1 It is one of the most serious postoperative 
complications; the incidence in the adult population is reported to be as 
0.3-3.5%, and among the elderly it is as high as 10%. 2,3 
 It is one of the most dreaded complications faced by surgeons and is 
of the greatest concern because of the need for intervention,the risk of 
evisceration, surgical wound infection ,recurrence,and incisional hernia 
formation1. Dehiscence most often develops around 7 to 10 days 
postoperatively but may occur even upto 20 days. Despite major 
advancements in the preoperative care of surgical patients, which includes 
the introduction of broader spectrum antibiotics and an improved 
understanding of all the effects of systemic illness on wound healing, the 
incidence of wound dehiscence has remained constant. 4,5In about 20-45% 
of cases, evisceration becomes a major significant risk factor, which is 
mostly associated with death during the perioperative period. 2,3  
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AIMS AND OBJECTIVES 
 
• To study the incidence and factors contributing to wound dehiscence 
in patients undergoing emergency exploratory laparotomy patients. 
• To compare the events and factors between dehiscence and non-
dehiscence patients to find the factors that have significant association 
with wound dehiscence in emergency exploratory laparotomy patients 
• To analyze with special reference to pre-operative serum albumin, 
hemoglobin and obesity as the predictive factors of wound dehiscence 
in emergency exploratory laparotomy patients. 
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                     SURGICAL ANATOMY OF ABDOMINAL WALL 
Development of anterior abdominal wall: 
 The process of gastrulation and formation of the three germ layers 
namely ectoderm, mesoderm and endoderm starts by third week of 
gestation. Gastrulation starts in cephalocaudal direction. The mesodermal 
layer organizes into three compartments as paraxial mesoderm, intermediate 
mesoderm and lateral plate mesoderm. 6 
 The musculoskeletal system associated with the trunk develops from 
paraxial and lateral plate (somatic layer) mesoderm.7 The paraxial 
mesoderm in the trunk is transiently organized into approximately 40 
segmental tissue blocks alongside the neural tube, known as somites.  The 
somites are organised into the dorsolateral subpopulation called the 
dermomyotome and the ventromedial subpopulation of cells known as the 
sclerotome. 
4  
 
 
 
 
 
 
Fig No:1 Development of Abdominal wall 
 During segmentation of the paraxial mesoderm a process goes to the 
somatopleure and results in segmentation of somatopleure as well. A band 
of primitive mesodermal tissue remains unchanged and undifferentiated in 
the midline. In this band of tissue between the left and right somatopleure 
develops the linea alba.8  
 The cells of the myotomes subdivide into an epimere and hypomere. 
The epimeres give rise to the skeletal muscles of the back. The hypomeres 
differentiate into the skeletal muscles in the lateral and anterior regions of 
the thorax and abdomen.9 
 In the abdominal region, myoblasts from the hypomeres migrate 
ventrally and laterally as the primordia of the right and left rectus abdominis 
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muscles. Prior to the anterior fusion of rectus muscles, the developing 
mesoderm of the future anterolateral abdominal wall splits into 3 layers that 
forms the internal oblique, external oblique, and transversus abdominis 
muscles. Dorsally the superficial layer of the hypomere gives rise to the 
serratus muscle.10  
 Mesoderm cells of the parietal layer surrounding the intraembryonic 
cavity form thin membranes, the mesothelial membranes, or serous 
membranes, which will line the peritoneal, pleural, and pericardial cavities. 
Anatomy of anterior abdominal wall11,12 
The abdominal wall is composed of  
1. skin, 
2. subcutaneous tissue,  
3. superficial fascia, 
4. muscle and their associated deep fascia,  
5. extraperitoneal fascia and  
6. parietal peritoneum. 
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Fig No:2 Layers of Anterior Abdominal Wall 
Superficial fascia:  
 This is a single layer of fatty connective tissue continuous throughout 
other regions of the body. Below the umbilicus it forms two layers: a 
superficial fatty layer and a deep membranous layer. The superficial layer is 
the Camper’s fascia which is continuous with superficial fascia of thigh and 
perineum. The deep membranous layer is the Scarpa’s fascia and it fuses 
with the deep fascia of the thigh just below the inguinal ligament. Towards 
the midline this Scarpa’s fascia is firmly attached to the linea alba and the 
symphysis pubis. 
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Muscles of the anterior abdominal wall: 
 The anterior abdominal wall muscles can be considered to have two 
portions namely anterolateral portion and middle portion. The anterolateral 
portion is formed by three flat muscle, the external oblique, the internal oblique, and 
the transversus abdominis muscles. The middle portion is composed of vertical 
muscles, the rectus abdominis and pyramidal muscles.  
1. External Oblique Muscle: 
 It is the most superficial of the three flat muscles. The external 
oblique muscle arises from the lower eight ribs, with the lowest attachment 
to the tip of the 12th rib. There, the fibers from the 11th and 12th ribs pass 
nearly vertically to insert upon the anterior half of the outer margin of the 
iliac crest, thereby forming the free posterior border of the muscle. Above, 
the slips of origin from the upper ribs interdigitate with fibers originating in 
the pectoralis major and the serratus anterior muscles. The majority of 
external oblique muscle fibers pass inferiorly and medially, like "hands in 
the front pockets." The muscle becomes aponeurotic along a line that passes 
vertically downward from the 9th costal cartilage, forming the linea 
semilunaris. Below the anterior superior iliac spine, the external oblique 
muscle is fully aponeurotic. When it approaches the midline the 
aponeuroses are entwined contributing to formation of linea alba. 
8  
External Oblique Fascia (Innominate Fascia of Gallaudet) 
 The external oblique fascia is a thin, tissue like membrane covering 
the external oblique muscle and aponeurosis. At the superficial ring, it forms 
the intercrural fibers between the crura. On its way down to the scrotum, 
following the spermatic cord, the innominate fascia of Gallaudet forms the 
external spermatic fascia.  
External Oblique Aponeurosis: 
 The aponeurosis of the external oblique is formed by two layers: 
superficial and deep. These, together with the bilaminar aponeuroses of the 
internal oblique and transversus abdominis, form (by linear decussation) 
both the rectus sheath and finally, the linea alba. The lower border of the 
external oblique aponeurosis forms the inguinal ligament.13  
         
9  
 
 
 
 
 
 
 
 
 
 
Fig no 3: Muscles of Anterior Abdominal Wall 
2. Internal oblique muscle: 
 Deep to the external oblique muscle is the internal oblique muscle 
which is smaller and thinner. The internal oblique muscle arises in part from 
the thoracolumbar fascia and the iliac crest and inserts upon the inferior 
borders of the lower three or four ribs.  Fibers arising from the anterior two-
thirds of the iliac crest pass supero-medially (like "hands in the back 
pockets"). The lower fibers arising from iliopsoas fascia, pass nearly 
horizontally, or curve medially and downward. The lowest fibers arch over 
the spermatic cord or the round ligament. The internal oblique aponeurosis 
is formed by two layers, anterior and posterior. These layers are fused and, 
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together with the two other bilaminar aponeuroses, contribute primarily to 
the anterior rectus sheath lamina. They decussate at the linea alba, becoming 
continuous with the contralateral aponeuroses. 
3. Transversus abdominis:  
 Deep to the internal oblique muscle is the transversus abdominis 
muscle and as the name suggests it travels in transverse direction. It arises 
from the inner surface of the lower six costal cartilages, Thoracolumbar 
fascia, Iliac crest and the fascia of the iliopsoas. The muscle is covered 
anteriorly and posteriorly by the transversalis fascia which crosses the 
midline and associated with transversalis fascia of opposite side. Posteriorly 
the transversalis fascia is attached to the thoracolumbar fascia. Inferiorly it 
blends with the fascia covering the pelvic muscles.  Transversus abdominis 
muscle becomes aponeurotic and gets inserted into the linea alba and pectin 
pubis.  
4. Rectus abdominis 
 It is a paired long muscle that extends along the length of the anterior 
abdominal wall. Rectus abdominis is considered the master muscle of the 
abdominal wall. The rectus abdominis muscle originates from the pubic 
crest, the ligamentous tissue at the symphysis pubis, and the superior ramus 
11  
of the pubis. It is broader but thinner superiorly and attaches to the 5th, 6th, 
and 7th costal cartilages and the xiphoid process. 
 Each rectus muscle is traversed by three tendinous lines (the 
tendinous intersections) at the level of the xiphoid process, at the umbilicus, 
and halfway between these points. Below the level of umbilicus one or two 
additional fibrous intersections may occur. These tendinous bands are 
usually tightly affixed to the anterior lamina of the rectus sheath. They are 
occasionally attached to the posterior lamina as well, although the tendinous 
fibers do not ordinarily pass more than halfway through the muscle.14  
 The bilaminar aponeuroses of the three flat muscles divide and pass 
anteriorly and posteriorly around the rectus muscle as a stout sheath. In the 
upper three quarters of the rectus abdominis, the anterior rectus sheath is 
made of aponeurosis of the external oblique and anterior leaf of aponeurosis 
of the internal oblique. The posterior sheath is made up of the posterior leaf 
of the internal oblique aponeurosis, the aponeurosis of the transversus 
abdominis muscle and the transversalis fascia. Below this level, the 
transversalis fascia alone forms the posterior wall with variable 
contributions of aponeurotic bands from the transversus abdominis. This 
level of transition is marked by an arch of fibers called the arcuate line. The 
12  
deep epigastric arteries and veins course along the posterior surface of the 
rectus muscle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
A and B. Transverse sections through anterior abdominal wall, traditional view: A, 
immediately above umbilicus. B, below arcute line. C-E, Schematic transverse 
section through ventral abdominal wall, showing bilaminar aponeuroses, external 
oblique, internal oblique, transverus abdominis, and sites of linear decussation that 
compacted from linea alba. 
Fig No:4 Anatomy of Abdominal Wall 
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5. Pyramidalis 
 This is a small triangular muscle with its base on the pubis. The apex 
is attached superomedially to the linea alba. It may be absent in many 
individuals but if found it is seen anterior to the rectus abdominis.15 
Extraperitoneal fascia  
 This is a layer of connective tissue found deep to the transversalis 
fascia and separates peritoneum from the transversalis fascia. It is 
continuous with the pelvic cavity and abundant on the posterior abdominal 
wall.  
Peritoneum  
 This is a thin serous membrane that lines all of the abdominal cavity 
with reflections over the abdominal viscera at various points. It has two 
layers namely the parietal and visceral peritoneum. The peritoneum lining 
the wall is the parietal peritoneum. 
Linea alba  
 The linea alba is formed by decussating aponeurotic fibers of the 
rectus sheath.  In 30% of cases there is a single decussation of fibers of both 
the anterior and posterior rectus sheath laminae. A single decussation of 
anterior rectus sheath laminae and a triple decussation of posterior rectus 
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sheath laminae is noted in 10% of population.  In 60% cases triple 
decussation of aponeurotic fibers of both anterior and posterior rectus 
laminae occurs.16 
 The linea alba is well formed from the xiphoid process of the sternum 
to the umbilicus. Below the umbilicus the formation is very vague. 
Inferiorly, superficial fibers from the linea alba pass in front of the rectus 
muscle to find attachment to the symphysis pubis. Deep fibers radiate 
laterally behind the rectus to attach to the posterior surface of the pubic 
crest, which is called the adminiculum lineae albae. 
BLOOD SUPPLY OF THE ANTERIOR ABDOMINAL WALL17 
ARTERIES 
 The superficial tissues of the lower anterolateral abdominal wall are 
supplied by three branches of the femoral artery. These branches, from 
lateral to medial, are the superficial circumflex iliac artery, the superficial 
epigastric artery, and the superficial external pudendal artery. Branches of 
these arteries travel toward the umbilicus in the subcutaneous connective 
tissues 
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Fig No:5 Arterial Supply of Abdominal Wall 
 
VENOUS DRAINAGE OF ANTERIOR ABDOMINAL WALL:  
Superficial Veins: They form a network that radiates out from the 
umbilicus. Above, they drain into axillary vein via lateral thoracic vein and 
below, into femoral vein via superficial epigastric and great saphenous 
veins. 
Deep Veins: Superior and Inferior epigastric, and deep circumflex iliac 
veins (drain into internal thoracic & external iliac veins). Posterior 
intercostal veins drain into azygos vein. Lumbar veins drain into the inferior 
vena cava 
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LYMPHATICS OF THE ANTERIOR ABDOMINAL WALL: 
 The lymphatics can be divided into supraumbilical and infraumbilical 
networks with further groupings for superficial and deep structures 
 The superficial supraumbilical network drains to axillary, pectoral, 
and infraclavicular lymph nodes. The deep supraumbilical network drains to 
axillary and internal mammary nodes, with some lymphatics to the lymph 
nodes at the area of the porta hepatis. The superficial infraumbilical network 
drains to superficial inguinal lymph nodes. The deep infraumbilical network 
drains to aortic lymph nodes and deep femoral lymph node 
 
 
 
 
 
 
 
 
 
 
Fig No:6 Lymphatic supply of Abdominal wall 
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NERVE SUPPLY TO THE ANTERIOR ABDOMINAL WALL: 
 Both the anterolateral portion of the abdominal wall and the rectus 
abdominis muscle are supplied by anterior rami of the 7th to 12th thoracic 
nerves and the 1st lumbar nerve. A branch (the lateral cutaneous ramus) 
arises from each anterior ramus and pierces the outer two flat muscles. It 
innervates the external oblique muscle and forms the lateral cutaneous 
nerve. 
 The anterior rami of the last six thoracic nerves enter the posterior 
layer of the rectus sheath, innervating the rectus muscle. They send 
perforating branches through the anterior layer of the sheath to form the 
anterior cutaneous nerves. The first lumbar nerve forms an anterior 
cutaneous nerve without passing through the rectus sheath 
                                   
 
 
 
 
 
 
Fig No:7 Anterior Abdominal wall- Nerve supply 
18  
PHYSIOLOGY OF WOUND HEALING: 18,19 
 Wound repair is the process by which injured tissue restore their 
normal function and structural integrity. Acute wounds undergo orderly and 
timely reparative process and achieve restoration under favourable condition 
unlike chronic wounds. 
PHASES OF WOUND HEALING: 
The three phases of wound healing are: 
Inflammatory phase 
Proliferative phase and 
Maturational phase    
1. INFLAMMATORY PHASE: 
 This is the immediate reaction of tissue towards injury. Here tissue 
tries to control the bleeding and seal the wound surface. The inflammatory 
phase is characterized by increased vascular permeability, secretion of 
cytokines and growth factors and stimulation of migrating cells. 
Hemostasis and inflammation: During acute injury intense local 
vasoconstriction occurs to control bleeding followed by vasodilation. 
Division of blood vessels lead to exposure of platelets to extracellular 
matrix. This leads to platelet aggregation and activation of coagulation 
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cascade. Platelet adhesion to endothelium is mediated through interaction 
between glycoprotein receptor and the integrin receptor GPIIb-IIIa. 
 Platelet activation causes α granules to release platelet- derived 
growth factor (PDGF), transforming growth factor-β (TGF- β), platelet 
activating factor (PAF), fibronectin and serotonin. Following this, 
membrane phospholipids bind factor V and potentiates thrombin production 
exponentially. Thus hemostasis is achieved and wound is sealed. The fibrin 
clot provides scaffolding for entry of inflammatory cells into the wound site. 
Chemokines, polymorphonuclear cells (PMNs), monocytes, macrophages 
migrate to the wound site during this inflammatory phase. 
Chemokines:  
 The CXC, CC, and C ligand families bind to G protein–coupled 
surface receptors called CXC receptors and CC receptors. Macrophage 
chemoattractant protein (MCP-1, or CCL2) a potent chemoattractant for 
monocytes/macrophages, T lymphocytes, and mast cells is induced in 
keratinocytes following injury.20 In chronic wounds these chemokines 
persist and lead to the prolonged inflammatory response by lengthening the 
duration of presence of polymorphonuclear cells (PMNs) and 
macrophages.21  CXCL1 (GRO-α) is a potent  PMN chemotactic regulator 
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in acute wounds and  involved in reepithelialization.22 Interleukin-8 (IL-8, 
or CXCL8) induces the leukocyte expression of matrix metalloproteinases 
(MMPs) and is increased in acute and chronic wounds.23  The keratinocyte-
produced chemokine interferon inducible protein 10 (IP-10 or CXCL10) is 
elevated in acute wounds as well as chronic inflammatory conditions. It 
prevents fibroblast migration and decreases reepithelialisation thus 
prolonging and hampering the healing process of wound.5 Stromal cell-
derived factor-1 (SDF-1, or CXCL12) is a powerful attractant for 
endothelial and bone marrow progenitors towards the wound site hence 
enhancing angiogenesis.24  
Polymorphonuclear cells:  
 Extravasation of polymorphonuclear cells occur due to increased 
vascular permeability. These PMNs migrate through the extra cellular 
matrix by transient interaction between integrin receptors and their ligands. 
Functional activation of PMNs result in expression of new cell surface 
antigen, increased cytotoxicity and release of cytokines. The activated 
neutrophils scavenge bacteria by free radical production which are toxic to 
neutrophils and surrounding tissues as well.25 When wound contamination is 
controlled, the PMNs stop migrating to the wound site. Predominance of 
cells at wound cleft change from PMNs to mononuclear cells by 24 to 48 
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hours. Persistence of PMNs prolong the inflammation and delays wound 
healing. Usually sterile incisions heal without the presence of PMNs. 
Macrophages: 
 Landmark studies in the early 1970s and 1980s demonstrated that 
macrophages are critical to wound healing, and has the ability to produce 
factors that stimulate angiogenesis and fibroplasia.26 Macrophages appear 
when the neutrophils disappear from wound site. Monocytes are 
transformed into wound macrophages by activated integrin expression thus 
execute increased phagocytic activity and expression of early growth 
response genes like EGR2 and c-fos.  These macrophages have c-AMP 
dependent activity of releasing proteinases which is crucial for removing 
foreign material and promoting cell movement across tissues. They release 
growth factors that stimulate endothelial cell, keratinocyte and fibroblast 
proliferation.27 Transforming Growth Factor α (TGF- α) and TGF-β are 
released by macrophages28 and as the concentration of TGF-β shoots up 
fibroblast starts to produce collagen and fibronectin thus converting from 
inflammatory phase to proliferative phase. 
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2. PROLIFERATIVE PHASE:  
 This is the second phase where tissue continuity is re-established. 
Platelet derived growth factor (PDGF) is the strongest chemotactic factor for 
fibroblasts.29 Fibroblasts proliferate and execute matrix synthesis and 
remodeling. Lactate that accumulates at wound site is a potent regulator of 
collagen synthesis via adenosine diphosphate (ADP)- ribosylation.30 Type I 
and III collagen are considered main in wound repair. Proteoglycans acts as 
co-receptors that bind with other cell surface receptors thus binding cells to 
extra cellular matrix. Under the influence of cytokines and growth factors 
like TNF-α, VEGF, TGF-β endothelial cells migrate, replicate and new 
capillary formation occurs. The rate of collagen synthesis decreases after 4 
weeks and enters phase of maturation where wound strength increases. 
3. MATURATIONAL PHASE: 
 This phase involves extracellular matrix deposition, wound 
contraction and tissue remodeling. Fibroblasts in a contracting wound 
undergo changes and are referred as myofibroblasts that express alpha 
smooth muscle actin. Contractile ability is because of the actin-myosin 
cytoplasmic complexes. MMPs make the lattice contract and stromelysin-1 
influences wound contraction more. Remodeling occurs as the fibroblast and 
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dense capillary network decreases. Around 21days later wound breaking 
strength increases slowly by collagen cross linkage. Healed wound is devoid 
of rete pegs unlike normal epidermodermal interface. 
 
 
 
 
 
 
 
 
 
 
Fig No:8 Physiology of wound healing 
TYPES OF WOUND HEALING: 31,32  
 There are two main types of wound healing: primary healing and 
secondary healing. Most surgical wounds undergo primary closure in which 
there is minimal tissue loss and the wound edges can be satisfactorily 
approximated. This allows for primary healing in which there is rapid 
epithelialisation of the wound and minimal scarringS. 
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Secondary healing refers to the process where a full-thickness wound is 
intentionally left open. This may be due to the presence of infection or an 
inability to satisfactorily approximate the wound edges. In secondary 
healing the wound heals by the natural way of granulation, eventual 
contraction and slow epithelialisation. Wounds that undergo secondary 
healing often result in larger scars. 
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REVIEW OF LITERATURE 
 
HISTORICAL BACKGROUND:  
 Wound care began from magical incantations, potions and ointments. 
Healing of wound was a matter of concern universally due to frequent wars 
and battles. 
HISTORICAL PERSPECTIVES OF WOUND HEALING IN: 
INDIA: 
 Sushruta Samhita contains 2 separate chapters regarding healing of 
wound and management.33 Sushruta has shown us light on procedures for a 
clean wound (Vrana shodan) and healing (Vrana Ropan) and also the 
management of abnormal healing like hypertrohic scars and keloids.34 
 “Ashtavidha Shastrakarma”- eight different types of surgical 
procedures were the basis for treating all surgical diseases. Sushruta long 
back gave us the concept of removing foreign materials, fractured bone, 
blood clots, hair, nails from wound before preparing for suturing. He also 
added, if these materials remain, suppuration and increase in pain will occur 
termed as ‘pakavastha’. 
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 Four methods of suturing are placed in ancient texts that are as 
follows: 
 Seevan karma- Riju granthi- straight and interrupted type. 
 Vellitaka- a continuous type. 
 Tunnasevani- either zigzag type or subcuticular. 
 Gophanika- either interlocking or blanket type suturing.35 
CHINA:  
 Traditional Chinese Medicine is in practice for thousands of years. 
The concept of Yin and Yang is their approach towards wound healing. The 
Yin is related to poor circulation, stagnation and poor healing. The Yang is 
the other pole where they mean tissue being over heated or having excess 
scar tissue. The ideal is to have balance between Yin and Yang.36 
 Angelica sinensis (AS) is called as Dang-Gui in Chinese .It has been 
used in for more than 2000 years in East Asia, including China, Japan, 
Korea. In the past, AS has been formulated with Radix lithosperme as an aid 
to wound healing37  
 The Traditional Chinese Medicine (TCM) has drugs based on the 
principle of hemostasis, for promoting blood circulation and removing 
blood stasis.  
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 Three golden rules established long back for wound care and chronic 
skin ulcer, are: 
1. Keeping right amount of pus on the surface. 
2. Removing necrotic tissues for stimulating the growth of the skin. 
3. Inhibition of inflammation to promote skin wound recovery.38   
EGYPT:  
 The Egyptians were considered masters in bandaging the wound. 
They devised the cardinal signs of infection and inflammation. Ebers 
Papyrus, a document of 1550 B.C. shows the use of concoctions with honey, 
lint and grease which has antibacterial, absorbent and barrier function 
respectively for wound healing.39   
GREECE AND ROME: 
 Hippocrates, a Greek physician and surgeon,who is known as the 
father of medicine, used vinegar to irrigate all open wounds. He also used 
the same for wrapped dressings around wounds for preventing further 
injury. He washed ulcers with wine and after having softened them by oil, 
he dressed them with fig leaves. He believed that the wounds must be kept 
dry, after the use of pure water or wine.40 
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Galen (130-200 CE), a notable Roman surgeon, was the first to believe that 
pus from wounds inflicted by the gladiators preceded wound healing- 
“laudable pus”. Galenic doctrine regarded pus as the talisman- hence 
barbarous acts of irritant application over wound to provoke it was 
practiced.41 This was later discovered as wrong concept by Ambroise Pare.  
Plinio used mineral remedies as lead and silver. 
 Lister is credited as developing the first antiseptic dressing in 
1867.He soaked lint and gauze in carbolic acid (phenol). Tulle gras is a 
nonadherent dressing. It was composed of wide-mesh curtain net which was 
cut into squares and also impregnated with soft paraffin (98 parts), balsam 
of Peru, and olive oil (one part each). It was developed and used mostly in 
France. It gained worldwide popularity during the period of World War I. 
Sterilization of instruments began in the 1880’s. The surgical gloves 
was introduced by Halsted’s student Bloodgood. The antibacterial property 
of silver was re-discovered in the mid- to late 1800 which was practiced by 
Romans in ancient period. 
HISTORICAL PERSPECTIVES ON LAPAROTOMY:  
 A laparotomy is a surgical procedure which involves a big incision 
through the abdominal wall to gain access into the abdominal cavity. It is 
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also called as  celiotomy. The first successful laparotomy was performed 
without anesthesia by Ephraim McDowell in 1809 in Danville, Kentucky42. 
The first documented ex-lap was performed by Frank Zurfley in year 1842, 
over a patient with suspected peritoneal hemorrhage after being run over by 
a Conestoga wagon43 
 Celsus introduced the method of closing open abdomen many decades 
back. He stated, stitching of the surface skin alone or the inner membrane 
alone is not enough, but both must be stitched. There must be two rows of 
stitches, set closer together than in other such places,  because it can be 
broken here more easily by the abdominal movement.44  
ACCESS TO ABDOMINAL CAVITY 
(Universal incision and their indications). 
Making abdominal incisions and closure of the same are some of the first 
things a surgeon in training is taught. The ability to safely access abdominal 
cavity makes an otherwise difficulty operation look easy.  
As mentioned earlier open abdominal surgery has a variety of approaches in 
terms of incisions. These incisions can be vertical, horizontal and oblique. 
The choice of incision depends on 
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• Easy access (universally accepted incisions). 
• Diagnostic confidence. 
• Personal experience. 
• Patients build. 
• Nature of operation. 
 
 
 
 
 
 
 
 
 
Fig No:11 Incisions of the abdomen 
VERTICAL INCISION 
They have advantage in that: - 
• They are quick and easy to perform. 
• Can be easily extended for more exposure. 
• Gives excellent access. 
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• Don’t interfere with possible stoma sites. 
• Rarely are abdominal muscles cut. 
The disadvantages are: - 
• They are less cosmetic. 
•  They are more uncomfortable. 
• They have high rate of wound dehiscence (comparatively)45,46. 
Types of commonly used vertical incisions: 
• Midline 
• Paramedian 
• Mc Evedy. 
MIDLINE INCISION:  Midline incisions provide adequate access to the 
whole abdomen. The linea alba may be divided from xiphisternum to 
symphysis pubis, although commonly a shorter incision is made and only 
extended if necessary. The main disadvantage of a midline incision is that it 
crosses the natural crease lines of the skin and a hypertrophic scar is 
common, especially in young children. In addition there may be irritation of 
scar while wearing clothes over waist crease. The umbilicus presents an 
additional cosmetic challenge. A straight incision through the umbilicus is 
favoured by some surgeons, but most prefer to curve the incision around. 
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An alternative is to make the whole skin incision paramedian, followed by a 
midline incision through the linea alba. The incision is deepened until the 
linea alba is exposed throughout. At the umbilical cicatrix the peritoneum is 
in close apposition to the linea alba, and this is often the safest and easiest 
area to enter the peritoneal cavity. Two forceps are applied to the linea alba, 
one either side of the midline, and it is lifted upwards while the fascia is 
carefully incised. If this incision does not enter the peritoneal cavity the 
peritoneum is incised separately. The linea alba above and below the 
umbilicus is separated from the peritoneum by a signiﬁcant layer of 
extraperitoneal fat and may be divided without immediate entry through the 
parietal peritoneum, which is then incised as a separate layer. As the 
incision is extended it is possible, if exactly in the midline, to encounter no 
muscle ﬁbres. Below the arcuate line however, the linea alba is narrow and 
there is no posterior sheath. In this area visible muscle ﬁbres do not indicate 
that the incision has strayed from the midline. The rectus muscles may be 
separated right down to the symphysis pubis, but care must be taken in 
extending the peritoneal division down to this level or an inadvertent 
incision may be made into the bladder. The peritoneal incision must 
therefore be deviated laterally if further low division is required for access. 
In the upper abdomen there is a signiﬁcant pad of extraperitoneal fat which 
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extends a few centimetres either side of the midline. The fold of the 
falciform ligament which extends from the liver to the anterior abdominal 
wall may cause some confusion, and it may need to be divided for access. 
Vessels running within the ligament can cause troublesome bleeding if not 
secured.47  
PARAMEDIAN INCISION: These provide broadly similar access to 
midline incisions, but they are no longer in regular use. The paramedian skin 
incision avoids the challenges posed by the umbilicus, and is deepened 
down to the fascia of the anterior layer of the rectus sheath. This is incised 
in line with the skin incision to expose the underlying rectus muscle, which 
is placed laterally preserving its innervation. The muscle is released from 
the sheath where it is anchored at the tendinous intersections. The posterior 
sheath is exposed and then divided in line with the anterior incision and the 
peritoneum is opened.  
There are two potential drawbacks associated with the lateral 
paramedian incision-first the time taken to perform it, and secondly the 
wound infection rate. It does take longer to perform than the conventional 
vertical abdominal incisions. This increased time is not in itself of any great 
consequence except that in cases of dire emergency where speed is essential, 
the lateral para-median incision would be impractical. As one becomes more 
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familiar with it, it takes only slightly longer to perform than the conventional 
paramedian incision. The increased time is counterbalanced by the time saved 
in not having subsequently to deal with a burst abdomen or incisional hernia.48 
MCEVEDY INCISION: Used for repair of femoral hernias and can be 
extended into a Paramedian incision for laparotomy if the need arises. 
TRANSVERSE INCISIONS: They are employed in elective surgery 
especially in the upper abdomen in situations where there are difficulties in 
access such as hepatobiliary surgery, pancreatic surgery, elective splenectomy 
and abdominal aorta aneurysm surgery. They are quite popular in paediatric 
laparotomies. 
Advantages: 
• They are less painful because they usually involve one dermatome. 
• They heal satisfactorily leaving acceptable scars. 
•  Allow use of regional anaesthesia. 
Disadvantages: 
• Not adequate to access the whole peritoneal cavity. 
• They are difficult to extend in case of unsuspected pathology. 
•  Cut through many blood vessels and muscles. 
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OBLIQUE INCISIONS: 
These Incisions follow Langer’s lines and close few dermatomes. They may 
involve muscle cutting or splitting. They are used for both emergency and 
elective surgery. 
Advantages: 
• Cosmetically acceptable. 
• Access to specialized areas for specialized surgery. 
• Less painful. 
• Allow use of regional anaesthesia. 
Disadvantages: Muscle cutting or muscles splitting thus give rise to 
incisional hernias. Incisions like Pfannenstiel, Lanz and Gridiron don’t 
allow full access to peritoneal cavity and thus some authors say they should 
not be regarded as laparotomy incisions.45   
SUTURE TECHNIQUES: 
Suture technique has major role in determining the success of abdominal 
closure. These can be mass closure or layered closure, continuous or 
interrupted sutures. 
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The choice of suture material is equally important. These can be either 
absorbable or  non-absorbable, Monofilament or braided, synthetic or 
natural. An ideal suture related to primary closure should have properties as 
stated 49,50,51 : - 
• Hold tissue in apposition for as long as the natural forces are 
sufficient enough to resist separation on stretching the wound edges. 
• Should be easy to handle and knots should stay securely. 
• Should provoke minimal tissue reaction. 
• Should be quickly absorbed after serving the purpose so that infection 
is not encouraged. 
• Should have the greatest tensile strength. 
MASS CLOSURE- usually used in midline incision. This suture technique 
involves peritoneum, and rectus sheath within the same needle bite. The 
suture should be placed at least 1cm intervals between successive throws. 
The suture technique also employs continuous suture other than interrupted 
suture. Strong sythentic non-absorbable sutures are employed (i.e. No.1 
polyamide suture) Closing the wound in single layer has produced lower 
rates of wound dehiscence than closure with multiple  layers52 
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Fig No:10 Mass Closure 
LAYERED CLOSURE- used for transverse and paramedian Incision. As 
mentioned before Incisional hernias are more common with layered closure 
as opposed to mass closure. 
                               
 
 
 
 
 
 
Fig No:11 Layered closure 
CONTINUOUS SUTURE- Its now almost universal practice to close 
Laparotomy incision by continuous sutures. Advocates of continuous 
sutures claim that sutures equalize tension differences between individual 
sutures and thus distribute tension along wound, more evenly. Jenkins 
38  
demonstrated that with continuous suture, a suture to wound length of 4:1 
gives the least wound tension if placed 1cm from wound margin and at 1cm 
intervals53,54 
                                 
 
 
 
 
 
 
 
 
 
 
                Continuous stitches. A Over-and-over, spiral, B Locking or blanket 
stitch, C Continuous everting mattress stitch D Continuous inverting mattress 
stitch E. Subcuticular type of stitch F. Starting a continuous run using a doubled 
looped thread 
                                                       Fig No:12 Continuous closure 
TENSION SUTURES - are hardly used for primary laparotomy closure but 
some surgeons’ advocate it to “belt and brace” layered abdominal 
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closures.55 This practice however has been overtaken by use of prophylactic 
intraabdominal absorbable (polyglactine 910 –BP) mesh56. 
INTERRUPTED SUTURES - are hardly used for laparotomy wound 
closure today and thus not given much attention except in reference to 
wound failure. Interrupted sutures are used for skin and subcutaneous tissue. 
                                
 
 
 
 
 
 
 
Fig No:13 Interrepted Suture 
Recommendations on closure of midline incision in order to minimise the 
rate of wound complications:57 
• Use a monofilament suture material, which is slowly absorbable or 
non-absorbable. 
• A suture USP 2/0 is sufficient—mounted on a small needle. 
• Use a continuous suture technique with self-locking anchor knots. 
• Close the wound in one layer. 
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• Avoid high tension on the suture but do not compress the wound 
edges. 
Place stitches: 
• Only in the aponeurosis. 
• 5 to 8 mm from the wound edge. 
• At close intervals— approximately 4 to 5 mm apart 
• Measure the wound length and the suture remnants for calculation of 
the Suture Length(SL) -to-Wound Length(WL) ratio. 
• Document the SL-to-WL ratio. 
Do not accept closure with a SL-to-WL ratio lower than 4. 
FACTORS INFLUENCING WOUND HEALING:  
 Normal wound healing is affected by both systemic and local factors 
and are mentioned in table below.58 
Systemic factors Local factors 
Age 
Nutrition 
Trauma 
Mechanical injury 
Smoking 
Metabolic diseases 
Connective tissue disorders 
Infection 
Edema 
Ischemia 
Topical agents 
Ionizing radiation 
Low oxygen tension 
Foreign bodies 
Immunosuppression 
Table No:1 Systemic and local factors for wound healing 
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AGE AND EFFECTS ON WOUND HEALING:  
 Aging produces intrinsic physiologic changes that delays wound 
healing. Studies of hospitalized surgical patient by Mendoza et al and 
Halasz show a direct correlation between older age and poor wound healing 
outcomes which includes dehiscence and incisional hernia59,60. Jenkins in 
his study stated that patients over 65 years of age are more likely to develop 
wound dehiscence.61 Age related alterations in each phase of wound healing 
is mentioned in table below:62 
 
 
 
 
 
 
 
 
Fig No:14  Effects of wound healing 
 Work in an in vitro model of aged rat skin suggests that age-associated 
disadvantages in healing may originate from over expression of MMPs, 
particularly MMP2,63 consistent with findings that protease expression and 
activity are greater in elderly individuals. Age-related changes in hormonal status 
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affect repair. MMPs, particularly MMP2, are high principally in postmenopausal 
women. Estrogen replacement therapy helps in stimulating, migration and 
proliferation of keratinocytes and elaboration of matrix.64  
ANEMIA IN WOUND HEALING: 
 Marsh,65 Mann,66 Alexander and their co-workers found that anemia, 
uncomplicated by other deficiencies, did not contribute significantly to 
wound dehiscence. Guiney and his colleagues,67 by contrast, found that 50% 
of their patients who disrupted their abdominal wounds were anemic as 
opposed to 20% of the control group who healed normally. Sandberg in his 
work found, depressed blood volume is a more likely cause of poor 
perfusion than anemia per se. when blood loss was replaced volume for 
volume avoiding problems of hypovolemia, the decrease in concentration of 
red blood cells by 40% does not approach the point where impaired oxygen 
delivery would occur. The hemoglobin mass of an average 70 kg man is 
capable of delivery of 1,000 cc oxygen/min, yet the oxygen consumption of 
that same individual at rest is only 260 cc oxygen/min68. Since the 
oxyhemoglobin dissociation permits 60% delivery of the hemoglobin-bound 
oxygen at a partial pressure of greater than 20 mm Hg, it is possible for a 
hemoglobin concentration of 6.5 gm% to deliver the required 260 cc 
oxygen/min at rest. The finding, therefore, that the acute anemic animals 
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had no impairment of healing was not surprising on the basis of the known 
oxygen carrying capacity of blood.69     
  High iron in macrophages can induce unrestrained proinflammatory 
macrophage activation. Further-more in cases of iron deficiency /anemia of 
inflammation, when serum hepcidin levels are elevated, hepcidin/ferroportin 
interaction can lead to increased iron concentration in macrophage and other 
cells and this could also have a detrimental effect on wound healing. Iron 
deficiency without inflammation is likely to affect remodeling.70  
NUTRITION IN WOUND HEALING:  
 Optimal wound healing requires adequate nutrition. Nutrition 
deficiencies impair the normal processes of progression through different 
stages of wound healing. Malnutrition is related to decreased wound tensile 
strength and increased infection rates. Malnourished patients are at high risk 
for infection because of decrease in T-cell function, phagocytic cells 
activity, and complement and antibody levels71. 
 Albumin has the highest positive predictive value of all the nutritional 
assessment methods for predicting associated complications and mortality72. 
Hypoalbuminaemia is associated with poor wound healing, decreased  
synthesis of collagen in surgical wounds or at anastomoses, and impaired  
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immune responses73. Therefore, wound infection, remote infections such as 
lung infection, and anastomotic leakage are  observed in hypoalbuminaemic 
patients74. 
 Arginine is a semi-essential amino acid that acts as a substrate for 
synthesis of proteins, collagen deposition, and cellular growth75. Arginine 
supplementation has been shown to increase production of nitric oxide and 
enhance immune function76.  Cysteine functions as a cofactor for enzyme 
processes in the formation of collagen. Lysine and proline are other amino 
acids that contribute to wound healing as precursors of collagen. Glutamine 
is critical for the synthesis of nucleotides in cells, including fibroblasts, 
epithelial cells, and macrophages. 
 Vitamin A plays an important role in wound healing during the 
inflammatory phase. It increases the number of macrophages and monocytes 
in the wound during inflammation and thereby stimulating the immune 
system. Vitamin A has also been shown to enhance wound healing by 
stimulating epithelialization and upraising collagen deposition by 
fibroblasts77. Vitamin C, also known as ascorbic acid or L-ascorbic acid, 
functions in the synthesis of collagen connective tissue protein at the level 
of procollagen hydroxylation. Vitamin C acts on fibroblast proliferation, 
capillary formation, and neutrophil activity78. 
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 Micronutrients are trace elements and minerals that the body requires 
in small amounts, yet they are critical to cellular metabolism, especially 
during wound healing75. The important micronutrients and their functions 
are as follows. 
 Magnesium is an important trace element that functions as a cofactor 
for enzymes necessary for protein and collagen formation and tissue growth. 
Magnesium interacts with adenosine triphosphate to support to the processes 
for collagen synthesis during wound healing. 
 Copper is an important cofactor for cytochrome oxidase and the 
cytosolic antioxidant superoxide dismutase; it is also needed for the 
interaction of lysyl oxidase that is essential for cross-linking and 
strengthening of the collagen framework. 
 Zinc is an essential mineral involved in numerous aspects of cellular 
metabolism. It mediates the catalytic activity of approximately 100 
enzymes, including metalloproteinases, and it plays a role in immune 
function, DNA synthesis, protein and collagen synthesis, cellular 
proliferation, and wound healing. 
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EFFECTS OF SMOKING ON WOUND: 
 The compounds of smoking, such as nicotine, nitric oxide, tar, carbon 
monoxide ,hydrogen cyanide, and aromatic amines, hamper healing by the 
effects of anoxia, hypoxia, impaired epithelialisation, vasoconstriction and 
toxicity of enzymatic system79. Smoking promotes the formation of 
chalones by catecholamines that reduce epithelialisation80. 
 Smoking a single cigarette creates a vasoconstrictive effect that lasts 
for 90 minutes, while smoking a packet may result in tissue hypoxic,even 
for an entire day. Connective tissue ﬁbers are adversely affected by 
smoking, the result of elastin catabolism and reduced collagen crosslinking 
and synthesis81. The mRNA of the matrix metalloproteinases MMP-1 and 
MMP-3, directly involved in collagen breakdown, are upregulated by 
smoking82,83. 
 Nicotine is a ganglionic cholinergic receptor agonist whose 
pharmacologically response is dosage dependent.84 Nicotine and cotinine 
stimulate central and peripheral epinephrine release, which increases smooth 
muscle vasoconstriction by producing thromboxane A2 and decreasing the 
vasodilator prostacyclin. Cutaneous blood flow decreases as much as 40% 
to produce ischaemia and impair healing79. 
47  
EFFECTS OF DIABETES MELLITUS ON WOUND HEALING: 
 Molecular analyses of epidermal biopsied of patients have identified 
pathogenic markers that correlate with delayed or impaired wound healing. 
These are over expression of c-myc and nuclear localization of β-catenin85, 
reduction and abnormal localization of EGFR and activation of the 
glucocorticoid pathway, keratinocyte migration is inhibited. 
 In healthy individuals, the acute wound healing process is directed 
through integration of various signals (in the form of cytokines and 
chemokines) given by keratinocytes, fibroblasts, endothelial cells, 
macrophages, and platelets. VEGF are released because of wound-induced 
hypoxia by macrophages, fibroblasts, and epithelial cells. They induce 
eNOS phosphorylation and activation, in the bone marrow, resulting in an 
increase in NO levels, which triggers the mobilization of bone marrow 
EPCs to the circulation. The chemokine SDF-1α promotes EPCs to the site 
of injury, where they participate in neovasculogenesis.  Gallagher et al.86 
showed that, in a murine model of diabetes, there is impairment in 
phosphorylation of eNOS in the bone marrow, which directly limits EPC 
mobilization into the circulation. They also show that SDF-1α expression is 
decreased in epithelial cells and myofibroblasts in the diabetic wound, 
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which is responsible for preventing EPC homing to wounds and therefore 
limiting the process of wound healing.  
MALIGNANCY AND ITS EFFECTS ON WOUND HEALING:  
 The multimodal approach of treating malignancy includes a 
combination of surgical intervention, radiation therapeutic regimens, and 
chemotherapy regimens, all of which can interact to delay wound healing. 
Surgery is mostly employed for curative purposes for eradicating the tumor 
or for debulking the tumor in anticipation of further treatment. The timing of 
surgical intervention in relation to radio or chemotherapy as well as the 
patient's nutritional status are important in recovery of patient from surgery 
and wound healing. 
 External beam radiation is the most commonly used modality for 
cancer in radiotherapy. The radiation beam is by necessity, delivered 
through the underlying structures and skin before reaching its target tissue. 
Unfortunately, this results in unnecessary radiation damage to the 
surrounding tissues like erythema, dry desquamation followed by wet 
desquamation, ultimately progressing to skin necrosis.87 The effects of 
radiation on wound healing are based on the total amount of radiation 
exposure as well as the timing and overall duration of treatment.  When 
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doses larger than 50 Gy are administered, or treatments are given less than 
three weeks before the surgery, a significant increase in wound 
complications results88. 
 Acute changes in the connective tissue includes inflammation, edema 
of collagen bundles with deposition of a fibrinous exudate below the 
epidermis. This is followed by replacement of adipose tissue and 
extracellular matrix by dense fibrous tissue and atypical fibroblasts 
gradually. These cells do not proliferate and deposit an immature collagen 
subtype. Even 15 to 20 years following radiation exposure, fibroblasts 
contain intracellular structures such as degenerating mitochondria, multiple 
vacuoles, and irregular RER that indicate permanent damage89. Clinically, 
this is evidenced by decreased wound tensile strength. The arteries and 
arterioles within the irradiated tissue undergo changes such as loss of 
elasticity and progressive sclerosis of vessels, resulting in chronic tissue 
hypoxia90. Microscopically, the lumens of these vessels were occluded with 
fibrin thrombi, leading to tissue edema. This loss of vascular supply 
continues to progress for the remainder of the patient's life, leading to long-
term, localized deficits in wound healing91 
 Overall, chemotherapeutic agents have multi-spectral effects on 
tissues, which includes interference with metabolic processes, structure of 
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DNA or replication pathways, and cell division. The skin and epithelial cells 
are susceptible to their potentially detrimental effects as these agents target 
any rapidly growing tissues in addition to cancer cells92. Corticosteroid 
therapy is a well-known impediment to wound healing, both acutely and 
following long-term use in the perioperative period by decreasing the 
inflammatory response and subsequent fibroplasia93. 
LOCAL FACTORS AFFECTING WOUND HEALING:  
 More important for fascial dehiscence than systemic factors are local 
mechanical factors, which include mechanical stress, wound infection  
during the postoperative period.94 
MECHANICAL STRESS: Wound disruption may be caused by extensive 
forces affecting wound tension or may be a consequence of excessive 
movement of wound edges. Common causes of mechanical stress are - 
coughing, vomiting, gaseous distension of gut, sneezing and prostatism all 
of which leads to increase in intra-abdominal pressure. 
WOUND INFECTION AND WOUND HEALING: 
 As defined by the Centers for Disease Control and Prevention (CDC), 
surgical site infections typically occur within 30 days of an operation at the 
site or part of the body where the surgery took place, or within a year if an 
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implant is left in place and the infection is thought to be secondary to 
surgery101,102. Surgical Site Infections may be classified as 
superficial/incisional if limited to the skin and subcutaneous tissue, deep 
incisional when involving the underlying fascia and muscle, or organ space 
when involving a body cavity (eg, abdominal cavity following 
gastrointestinal surgery). 102,103 
 Traditionally, local factors such as the surgical technique and degree 
of contamination have been regarded as strong predictors for surgical site 
infection and wound dehiscence.104  
               
                         
 
 
 
 
 
 
 
 
Table No:2 Risk factors for developing SSI 
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 Presence of bacteria in the healing tissue affects the processes of 
healing and causes impairment of collagen synthesis with release of 
proteolytic enzymes, which causes wound dehiscence by decreasing the 
capacity of the tissue to hold the suture.105 Under normal conditions, mRNA 
levels of type I collagen decrease from baseline non-operated values in the 
early days of healing before reaching maximum expression on day 7.106 
Fibronectin mRNA levels shoot up over baseline in the first 48 hours.107 It 
has been said that the response to upregulation of fibronectin gene 
expression might be the down regulation of a more mature form of collagen 
which is type I collagen, that is not needed until later in the healing process. 
Intra-abdominal infection interrupt with the normal signals responsible for 
down regulating type I gene expression. Although type I collagen gene 
expression was elevated on post-anastomosis day 1 in sepsis, new collagen 
synthetic capacity was decreased in study by Gretchen M et al108. 
Posttranscriptional regulation of type I collagen synthesis or lack of amino 
acid substrate could account for these findings. Alternatively, collagen  
which is newly synthesized may be rapidly degraded by raised collagenase 
enzyme present in infectious state109.  
 Bacterial counts > 105 or the presence of any beta-hemolytic 
streptococcus inhibits healing by prolonging the inflammatory phase and 
53  
interfering with epithelialization, contraction, and collagen deposition.110 
Bacterial endotoxins decrease tissue PO2 and stimulate phagocytosis and 
the release of collagenase and reactive oxygen species, further degrading 
collagen and contributing to the destruction of previously normal tissue 
adjacent to the wound. 
ISCHEMIA AND HYPOXIA IN WOUND HEALING:   
 The initial anaerobic conditions in a wound following injury kindles 
cells to adjust for anaerobic production of ATP via glycolysis.111 But when 
there is increased metabolism and protein synthesis during the proliferative 
phase of healing, plenty of ATP production occurs via oxidative 
phosphorylation, and these are provided by glucose and oxygen through a 
rich blood supply. Hypoxia potentially slows or halts the healing process.112 
The physiologic response of the endothelium to localized hypoxia in the 
early phase of healing is to precipitate vasodilation and stimulate fibrin 
deposition, pro-inflammatory activity, capillary leak, and 
neovascularization. The endothelial cell response to sustained hypoxia is 
apoptosis induced by tumor necrosis factor. Wound neutrophil activity is 
also impaired at lower oxygen tensions.113 Collagen synthesis is disrupted in 
hypoxic conditions, and fibroblasts may not participate in the formation of 
the extracellular matrix.114 
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 The most common cause of wound infection or failure of wounds to 
heal properly is deficient wound pO2. Adequate tissue oxygenation implies 
sufficient inspired oxygen as well as component transfer of oxygen to 
hemoglobin, ample hemoglobin for oxygen transport, satisfactory 
vascularity of the tissues to keep oxygen diffusion distances small, etc. The 
arterial pressure of oxygen alone is not indicative of tissue oxygenation; 
despite supplemental inspired oxygen, the wound itself may remain 
ischemic if perfusion is inadequate. Most healing problems associated with 
diabetes mellitus, small vessel atherosclerosis, irradiation,  chronic 
infection, etc. can be ascribed to a faulty oxygen delivery system at some 
point. At partial pressures of 30–40mmHg, fibroblast replication is 
potentiated. As per Jonsson K et al, collagen synthesis cannot take place 
unless the PO2 is >40mmHg115. 
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MATERIALS AND METHODS 
SOURCE OF DATA: 
 
After obtaining approval from the Hospital Ethical Committee, patients 
admitted to Government Royapettah Hospital (GRH), Chennai between 
January 2016 and September 2016 who underwent laparotomy were 
included in the study 
 
 
Type of study : cohort study 
Sample size : 50 patients 
 
Inclusion criteria: 
Patients undergoing emergency exploratory laparotomy. 
Patients aged more than 12 years  
 
  
Exclusion criteria: 
 
Patient on steroids, immunosuppressant or anticancer therapy 
Patients aged less than 12 years 
Patient undergoing re explorative laprotomy 
. 
 
Data collection: 
 
Data regarding following aspects were collected: 
 
• Age  
 
• Gender 
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• Clinical presentation 
• Presence of contributing factors -  
 
1. Infection (local/systemic)  
 
2. Anaemia (defined as blood haemoglobin <13g/dL in males and <12g/dL in 
 females)  
 
3. Hypoproteinaemia (defined as serum total protein <6g/dL)  
 
4. Postoperative cough or vomiting  
 
5. Uremia (defined as serum urea >40mg/dL and/or serum creatinine 
 >1.4mg/dL)  
 
6. Ascites  
 
7. Obesity (defined as Body Mass Index >30kg/m2)  
 
8. Comorbid conditions if any  
 
9. Drug use if any  
 
 
Statistical analysis: 
 
 Standard clinical and statistical methods were employed to analyze the data
 
 
 
 
 
 
RESULTS AND 
OBSERVATIONS 
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RESULTS AND OBSERVATION 
 Among 50 patients who underwent emergency exploratory laparotomy,6 
patients developed wound dehiscence. 12% of patients developed wound 
dehiscence 
 
 
 
 
 
 
 
Figure 15: Percentage of patients who developed wound dehiscence 
 
1.  SEX DISTRIBUTION: 
 Among 50 patients who underwent emergency exploratory laparotomy, 37 
were male and 13 were female with ratio of 2.8:1. Out of 6 wound dehiscence 
patients 4 were male and 2 were female. The male: female distribution in case of 
dehiscence is 2:1. That is 37 male patients underwent laparotomy and 4 developed 
wound dehiscence whereas 13 female patients underwent emergency laparotomy 
and 2 of them had wound dehiscence. 
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Figure 16: Number of males and females included in the study 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17: Association between gender and dehiscence (P=0.662) 
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2. AGE DISTRIBUTION: 
 Among patients who underwent emergency laparotomy 5 belonged to group 
of 11-20 years; 10 belonged to age group of 21-30 years; 16 belonged to group of 
31-40 years 6 belonged to 41-50 years, 5 belonged to 51-60 years and 8 belonged 
to group of >60 years. 
 In dehiscence group 66.6% of patients belonged to age group < 45 years. 
33.4% belonged to age group > 45 years 
 
 
 
 
 
 
 
 
 
 
 
Figure 18: Number of patients belonging to different age groups 
60  
 
 
 
 
 
 
 
 
 
 
 
Figure 19: Independent samples t test to compare mean age among those with 
dehiscence and those without dehiscence (p=0.621) 
3. DISEASE PATTERN IN EMERGENCY EXPLORATORY 
 LAPAROTOMY: 
Disease  Male Female 
Perforation peritonitis 22 5 
Intestinal obstruction 3 4 
Blunt trauma 6 1 
Penetrating Trauma 6 1 
Malignancy 0 2 
 
Table No:3 Disease pattern in emergency exploratory laprotomy 
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 54% of patients underwent emergency exploratory laparotomy for 
perforation peritonitis. Intestinal obstruction was seen in 18%. 14% underwent 
surgery for blunt trauma abdomen and penetrating trauma was the causative factor 
for emergency laparotomy in 14% of patients. Malignancy presenting with acute 
abdomen was seen in 4% of patients 
 Among 6 patients who had wound dehiscence, 3 of them had perforation 
peritonitis, 1 had intestinal obstruction, 2 of them had malignancy. 
 Out of 27 patients with perforation peritonitis, 3 of them developed wound 
dehiscence. That is 11.1% of perforation peritonitis patients undergoing emergency 
exploratory laparotomy were vulnerable to develop wound dehiscence. 14.2% of 
intestinal obstruction patients were found to develop wound dehiscence. No one 
developed dehiscence in blunt trauma abdomen and penetrating trauma.  Out of 2 
patients with malignancy both developed wound dehiscence. In patients who had 
malignancy, 100% developed wound dehiscence. From this analysis malignancy 
seems to be the most causative factor which makes the patient vulnerable for 
dehiscence followed by perforation peritonitis but the number of cases were less. 
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Causative factor 
for laparotomy 
Number of cases 
underwent 
laparotomy 
Number of cases 
developed 
dehiscence 
% vulnerable to 
dehiscence 
Perforation 
peritonitis 
27 3 11.1% 
Intestinal 
obstruction 
7 1 14.2% 
Blunt trauma 
abdomen 
7 0 - 
Penetrating trauma 7 0 - 
Malignancy 2 2 100% 
 
Table No:4 disease pattern and wound dehiscence in emergency laprotomy 
4.  DISEASE PATTERN IN WOUND DEHISCENCE 
 
 
 
 
 
 
 
Figure 20: Causes of dehiscence among the patients included in the study 
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5.  ANEMIA AND WOUND DEHISCENCE: 
 23 of 50 pateints had anaemia as per the set criteria. Among patients who 
had dehiscence 5 of 6 had anaemia and 1 patients who had no anemia developed 
dehiscence. 26 patients who had anemia did not develop wound dehiscence.  
Anemia No wound dehiscence Wound dehiscence 
YES 18 5 
NO 26 1 
Total  6 
 
Table No:5 Wound dehiscence and anemia 
 
 
 
 
 
 
Figure 21: Association between anemia and dehiscence (P=0.050) 
P 0.050. and  was  significant using a chi-square test 
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6. HYPOALBUMINEMIA IN WOUND DEHISCENCE: 
 Among 50 patients 15 had pre-operative hypoalbuminemia. Out of which 4 
developed wound dehiscence and 11 did not have dehiscence. 
Hypoalbuminemia No wound dehiscence Wound dehiscence 
YES 11 4 
NO 33 2 
Total  6 
 
Table No:6 Dehiscence and hypoalbuminemia 
 
        
 
 
 
 
 
 
 
Figure 22: Association between pre operative hypoalbuminemia and 
dehiscence (P=0.037) 
P 0.037 and significant using a chi-square test 
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6. DIABETES MELLITUS IN WOUND DEHISCENCE: 
 7 out of 50 patients had Diabetes mellitus, among which 2 of them had 
wound dehiscence. 
Diabetes mellitus No wound dehiscence Wound dehiscence 
YES 5 2 
NO 39 4 
Total  6 
 
Table No:7 Dehiscence and Diabetic Mellitus 
P=0.146.NOT significant using a chi-square test 
7. BODY MASS INDEX IN WOUND DEHISCENCE: 
 4 patients had increased BMI in this study and 2 of them developed 
dehiscence. 
BMI No dehiscence Dehiscence 
>30 2 2 
<30 42 4 
Total  6 
 
Table No:8 Dehiscence and body mass index 
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Figure 23: Association between body mass index and dehiscence (P=0.015) 
P 0.015 and significant using a chi-square test 
8. WOUND INFECTION/SEPSIS IN WOUND DEHISCENCE: 
Wound infection/sepsis No wound dehiscence Wound dehiscence 
PRESENT 7 5 
ABSENT 37 1 
Total  6 
 
Table No:9 Dehiscence and sepsis 
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Fig No:24 Association between Sepsis and dehiscence 
P value is <0.001 and found to be extremely significant. 
9. MALIGNANCY VS WOUND DEHISCENCE: 
Malignancy No wound dehiscence Wound dehiscence 
present 0 2 
absent 44 4 
Total  6 
 
Table No:10 Dehiscence and Malignancy 
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Figure 25: Association between malignancy and dehiscence (P<0.001) 
P is <0.001 and  significant using a chi-square test 
10. PULMONARY COMPLICATION VS WOUND DEHISCENCE: 
 6 patients had post-operative pulmonary complications. Out of 6 patients 
with dehiscence 1 had pulmonary complications.   
Pulmonary 
complications 
No wound dehiscence Wound dehiscence 
PRESENT 5 1 
ABSENT 39 5 
Total  6 
Table No:11 dehiscence and pulmonary complications 
P is 0.293 and not significant 
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11. POST- OPERATIVE DAY OF WOUND DEHISCENCE:  
 Among 6 patients 1 of them developed wound dehiscence on post-op day 4. 
two patients on post-op day 5. 1 patient on post-op day 6. On post-operative day 7 
wound dehiscence was noted in one patient. one of them had dehiscence on post-
op day 8. So dehiscence was noted from day 4 to maximum of post-op day 8 in this 
study. So on calculation mean post-operative day of wound dehiscence is 5.8 days 
that is post-op day 6. 
Table 12: Prevalence of comorbidities among the patients in the study, and 
association with dehiscence by chi square test 
COMORBIDITY PERCENTAGE CHI SQUARE P VALUE 
Pre op 
hypoalbuminemia 
30 % 4.365 0.037 
Anemia 46 % 3.826 0.050 
Diabetes Mellitus 14 % 2.117 0.146 
BMI > 25 kg/m2 8 % 5.945 0.015 
Pulmonary disease 64 % 1.106 0.293 
Sepsis 24 % 13.160 <0.001 
Ascites 2 % 0.139 0.709 
Malignancy 4 % 15.278 <0.001 
Chronic kidney 
disease 
12 % 0.141 0.708 
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DISCUSSION 
 Acute wound failure addressed by various names like wound dehiscence, 
disruption, burst abdomen is a multifactorial problem. The understanding of wound 
healing and dehiscence are complicated considerably by the fact that it is 
uncommon for any factor to exist in isolation and to determine which factor is of 
greatest importance in a particular case becomes a difficult task indeed. 
 Abdominal wound dehiscence is one of the most dramatic and serious post-
operative complications after any major abdominal surgery. Acute wound failure 
can present as mechanical wound separation or dehiscence. Dermal wound 
separation worsens cosmetic results but is unlikely to cause significant harm, while 
abdominal wall wound failure can have life-threatening outcomes. Irrespective of 
the presentation of dehiscence, once the diagnosis is confirmed, the initial 
management includes replacement of intestinal contents into the peritoneal cavity 
and covering with moist saline packs, gastric decompression with nasogastric tube, 
intravenous fluids and broad spectrum antibiotics. Though it is considered a 
surgical emergency, the patient should be stabilized and any antecedent cause that 
led to dehiscence, if reversible, be corrected before embarking on surgical 
treatment. Surgery for burst abdomen involves reopening and inspecting the entire 
surgical wound, exploratory laparotomy to look for any intraabdominal abscesses 
or anastomotic leaks, thorough peritoneal lavage, and a good re-closure 
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(continuous re-closure using heavy non-absorbable suture material such as 0 poly 
propylene, with large tissue bites of 1.5 cm, a small stitch interval, and appropriate 
wound tension works best) along with application of retention sutures. 
 In this study fifty patients underwent midline emergency exploratory 
laparotomy. Out of this 6 patients developed partial or complete wound 
dehiscence. This accounts for 12.0% of patients developing wound dehiscence.  
The wound dehiscence rate reported in international literature varies from 1% to 
2.6%.116  In observation by Penninckx et al., dehiscence rate was found to be 
6.7%119 in emergency laparotomy.  While local studies show a higher incidence, 
varying from 6%117, 118 to 12%. In study by Pandey S et al, over all incidence of 
wound dehiscence was 11.5% and 17% in patients in whom mass closure was done 
with Vicryl120. In this study higher incidence of wound dehiscence may be because 
most of the studies included both elective and emergency cases leading to lower 
incidence. In this study only emergency cases were included which may be the 
reason for higher incidence compared to international studies. This fact may be 
attributed to poor patient preparation, complicated inflammatory disease, 
premorbid factors, contaminated wounds and operating at odd hours. 
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Table No:13 Incidence of wound dehiscence 
STUDIES YEAR INCIDENCE OF WOUND 
DEHISCENCE 
REMARK 
Timothy E et al 1983 1.7%  
White et al 1962-
71 
1.5% 10 years study including 
both elective and 
emergency cases with all 
types of incisions 
Jakub et al 2008-
11 
2.9% Both emergency and 
elective cases 
Gabriel et al 1985-
05 
2.8% Both emergency and 
elective cases and all 
abdominal surgeries were 
included. 
Khan MN et al 1998-
04 
7.8% Emergency and elective 
laparotomy patients were 
included 
Hanif et al117 2000 14.7% Both midline and 
paramedian incisions 
were included in their 
study 
Waqar SH et al118 2005 12% in emergency and 4% 
in elective cases 
All patients underwent 
midline laparotomy like 
this study. 
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 When the sex ratio is considered,37 of 50 patients were male who underwent 
emergency exploratory laparotomy and 13 were female. The ratio is found to be 
2.8:1. When wound dehiscence proper is considered, the ratio was 2:1. There 
appears to be male predominance on looking at sex ratio. But when analysis is 
done, out of 37 male patients 4 developed dehiscence whereas 2 female patients 
out of 17 developed wound dehiscence. That is in this study 10.81% male were 
vulnerable for wound dehiscence as against 15.38% in female group. Thus in this 
study female sex group was found to be slightly more vulnerable for wound 
dehiscence. In study by White H et al, there were 75 males and 48 females in the 
group studied, which gives a male: female ratio of 1.6: 1. This nature of male 
predominance is found in this study as well.  In study by Munieah NS et al, male: 
female sex ratio was 3:1 which coincides with this study. Kenig J et al, in their 
study had 56 patients with wound dehiscence from all type of abdominal surgeries. 
Of which 37 were men and 19 women; there was a statistically significant 
difference with regard to gender, men accounted for more of the cases (p = 0.034). 
Male predominance (37/50) was observed in study by Ramneesh G et al, with ratio 
of male to female being 2.84:1 which is near to the present study. 
 In this study most of the patients who underwent laparotomy belonged to 
age group of 26-45 years. 4 out of 50 patients were in 26-45 years of age group 
followed by 2 patients belonging to 46-60 years.Among patients who developed 
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wound dehiscence 66.6% were <45 years of age. This is in contradiction to most 
studies where wound dehiscence was common in older age group.  
Table No:14 Mean Age and wound dehiscence 
STUDY YEAR INFERENCE  
Kenig J et al 2008-2011 Mean age in wound dehiscence 
patient was 66.8±12.6 years. 
Pandey S et al 2009-2011 Mean age: 54 years with prolene for 
closure 
Mean age: 56 years with vicryl for 
closure 
Madsen G et al 1992 Mean age: 66 years 
Khan MN et al 1998-2000 Age > 55 years showed significant 
value for wound dehiscence. 
 
 This contradiction in this study may be because of more number of patients 
in less than 45 years of age group. Age-associated aberrations in macrophage 
functions decrease or delay vascularization, collagen deposition, and collagen 
remodeling123. The vasoregulation of the microcirculation of aged skin is impaired, 
which reflects changes in inflammatory responses, fewer progenitor cells, and 
declines in circulatory mediators. Age-associated delays in microvascular 
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responses to stressors lead to impaired temperature regulation and greater 
likelihood of tissue hypoperfusion which inhibits wounds from reaching the 
angiogenic stage of repair124. Gould L et al125, said, optimal healing strategies after 
surgery and other stressors must therefore use multifactorial approaches to address 
changes in the microcirculation in older adults.  
  In this study, only cases which underwent emergency laparotomy was 
considered, as wound dehiscence is established to be more common in emergency 
cases than elective surgeries. Most of the studies have included both emergency 
and elective cases which make it difficult to compare the disease pattern with each 
other.  
 In study by Ramneesh G et al122, 35 patients (70%) had perforation of hollow 
viscus with peritonitis. 10 patients (20%) had intestinal obstruction with no evidence 
of peritonitis. There were 5 patients (10%) who had injury to solid organs or 
mesentery with hemoperitoneum secondary to trauma. Three cases (6%) had 
malignancy of large gut. This study also had disease pattern like Ramneesh G et al122. 
In this study, perforation peritonitis was the most common disease in patients who had 
dehiscence. This may be due to 54% of emergency laparotomy patients had 
perforation peritonitis. From this study it was found patients with malignancy were 
more vulnerable to wound dehiscence. 100% of patients having malignancy 
developed wound dehiscence as (but the number of cases were less) against 11.6% for 
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perforation peritonitis and 14.2% for obstruction. None of them patient who had blunt 
or penetrating injury abdomen without peritonitis developed wound dehiscence in this 
study. This can be attributed to clean wound in case of blunt trauma without 
peritonitis.   
 In study by Waqar SH et al118, the disease pattern was similar to current 
study. Perforation peritonitis was the leading cause with 27% of wound 
dehiscence. Ramakrishnan K et al126, said, peritonitis due to perforation of the 
gastrointestinal tract is the most common surgical emergency all over the world.  
Afridi SP et al127, in their study concluded that majority of the patients present late, 
with purulent peritonitis and septicemia. Major complications noticed are the 
Wound infection and wound dehiscence. These evidence support the disease 
pattern in this study.  
 In this current study pre-operative anemia is found to be significantly 
associated with contribution to development of wound dehiscence. Totally 23 
patients had anemia out of which 5 patients developed wound dehiscence. 1 
patients who had no anemia also developed wound dehiscence. By chi-square test 
p value was 0.050 which came out to be extremely significant. When we look into 
the literature, Joergenson128 and Smith also noticed in their study a higher 
incidence of burst abdomen in patients having anemia. Besser and Ehrenhoft129 
have demonstrated that chronic anemia as part of a generalized nutritional 
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deficiency is an important factor in wound healing but that the acute anemia from 
blood loss is not. Makela JT et al20 in their study found anemia to have significant 
association with wound dehiscence like the present study. Whereas Kenig J et al121 
and Riou et al131, did not find anemia to have significant association with wound 
dehiscence. Carson JL et al132 stated that Anemia a risk factor that is related to 
increased perioperative stress, blood transfusions, and decreased tissue 
oxygenation, all of which can affect the immune system and the wound healing 
process.  
 Pre-operative hypoalbuminemia was noted in 15 patients out of 50 
emergency exploratory laparotomies. Among 6 patients who developed wound 
dehiscence 4 of them had pre-operative hypoalbuminemia. Chi square test was 
done in statistical analysis and found to be significant with p value 0.037. This 
significance of hypoalbuminemia in influencing wound dehiscence coincides with 
most of the studies in literature. 
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Table No:15 Hypoprotinemia and wound dehiscence 
STUDY YEAR INFERENCE 
Makela JT et al 1989-92 Hypoproteinemia- a strong 
predictor of wound dehiscence 
Hennessey et al133. 2010 Hypoalbuminemia (<35 g/dL) an 
independent predictor of surgical 
site infection 
Meena K et al134 2013 Hypoproteinemia <60g/l was 
proved to be a significant variable 
for wound dehiscence.  
  
 This observation is comparable to reports by Wolff, Alexander and Pavdden 
and Keill et al that 62%, 71% and 85% of their respective wound dehiscences were 
associated with hypoproteinemia. Hypoproteinemia causes prolonged 
inflammatory phase and alters fibroplasia, hampers proliferation, proteoglycan and 
collagen synthesis, neo-angiogenesis and wound remodeling. Protein is required in 
all stages of wound healing, and adequate protein is also necessary for positive 
nitrogen balance. Severe protein depletion leads to reduced skin and fascial wound 
breaking strength and increased wound infection rates135.   
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 Diabetes mellitus was considered as a risk factor and analysed in the present 
study. 7  patients had Diabetes Mellitus and 2 of them developed wound 
dehiscence. P value did not prove diabetes to have significant association. This 
may be because of strict glycemic control or may be due to younger age group 
achieved in all cases. Thus effects of poor glycemic control are overcome and their 
vulnerability for wound infection and dehiscence is brought down. In study by 
Ramneesh G et al, only 4 out of 50 patients of wound dehiscence were found to be 
diabetic. But Bybee and Roger et al136., reported diminished activity of 
granulocytes in diabetic patients. Spiliotis J137 in his study found 40% of wound 
dehiscence patients to be diabetic. When we go through the pages of literature 
diabetes mellitus is considered as a risk factor for wound dehiscence138. In this 
study the controversial result may be because of another reason that the greater 
number of study population were less than 45 years of age in whom prevalence of 
diabetes is less likely.  
 Body mass index >30 was included in factors for assessment and found that 
2 of 6 patients with wound dehiscence had obesity. P value was  0.015 and was 
significant.A study at Department of Surgery, Sundsvall County Hospital, Sweden 
found overweight (BMI > 30) as a risk factor for wound infection but these effects 
may be avoided if patients are sutured with a suture length to wound length ratio of 
4 – 4.99. 
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Table No:16 BMI and wound dehiscence 
STUDY YEAR INFERENCE 
Ramneesh G et al 2014 
BMI>35 (obesity) is significant 
to influence wound dehiscence 
Kenig J et al 2008-11 
BMI> 30 showed no 
significant difference 
Cruse and Foord et al139 1980 
13.5% of obese patients 
developed wound infection 
Munieah NS et al 2015 
BMI>22 had higher rate of 
wound dehiscence 
 
 Wound infection has paramount contribution in acute failure of wound. Out 
of all patients who underwent emergency exploratory laparotomy 12 patients had 
wound infection. Among patients who had wound dehiscence 5 of them had wound 
infection. P value was found to be <0.001 which means extremely significant 
association with wound dehiscence.  
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Table No:17 Sepsis and wound dehiscence 
STUDY YEAR INFERENCE 
Col and Soran138 1998 
Wound infection is a risk factor for 
wound dehiscence 
Waqar SH et al 2002 
Wound infection was present in all the 
cases of wound dehiscence (100%) 
Greenburg et al 1973-78 
Wound infection was noted in 68% of 
patients who had dehiscence 
Hanif et al 2014 
Wound infection was noted in 100% 
of patients with wound dehiscence 
Van Ramhorst G H 
et al 
1985-2005 
52% of dehiscence patients had wound 
infection. P value <0.001. Extremely 
significant association.  
 
 All the studies of literature showed significant association of wound 
infection with wound dehiscence which is further supported by the current study. 
 Malignancy was found in two patients among 50 patients who underwent 
emergency exploratory laparotomy. Both the patients developed wound 
dehiscence. P value was <0.001 which is extremely significant which makes 
malignancy a potential vulnerable factor for causing wound dehiscence. This 
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relation is supported by many studies in literature. In many studies the 
management of malignant conditions with radiotherapy and chemotherapy 
themselves were found to be trigger for wound dehiscence. In this study both the 
malignant patients were newly diagnosed and received no treatment for 
malignancy before their presentation to hospital. So here effects of malignancy 
itself is noted.     
 Wolff140 in his article said that malignancy itself did not contribute to wound 
dehiscence. In study by Kenig J et al, neoplastic diseases were not found as risk 
factor for wound dehiscence. 15% of patients with malignancy developed wound 
dehiscence in study conducted by Waqar SH et al. Sinhai A et al in their study had 
26.31% of wound dehiscence patient with malignancy. In the current study P value 
was significant for malignancy as a risk factor for wound dehiscence. The literature 
has mixed opinion on contribution of malignancy towards wound dehiscence.  
 In current study, 6 patients had pulmonary complications in post-operative 
period. Pulmonary complication was included as a risk factor in many studies as 
well. This is because cough and strenuous breathing following pulmonary 
complications lead to raised intra-abdominal pressure which was found to be a 
significant risk factor for dehiscence. Second reason is that pulmonary 
complications lead to hypoxia at tissue level which hampers wound healing.  Here 
1 out of 6 patients had post-operative pulmonary complications. P value was not 
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significant. In this study the controversial result may be because of another reason 
that the greater number of study population were less than 45 years of age in whom 
prevalence of pulmonary complication is less likely. 
 
 
 
 
 
 
 
SUMMARY 
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SUMMARY 
 In this study 50 patients underwent emergency exploratory laparotomy and 6 
of them had wound dehiscence. The incidence of wound dehiscence in the present 
study is 12%.  
 Male preponderance is noted in wound dehiscence patients with ratio of 2.8 
:1, but female patients are found to be more vulnerable for wound dehiscence with 
15.38% of female developing wound dehiscence out of 13 female patients who 
underwent emergency exploratory laparotomy. 
 In the current study, most of the patients belonged to age group of <45 years. 
Wound dehiscence is common in patients less than 46 years of age in this study 
due to more patients belonging to less than 46 years of age 
 Perforation peritonitis is the most common cause for which emergency 
laparotomy took place. In wound dehiscence group, 3 out of 6 patients had 
perforation peritonitis. Next leading cause was malignancy with 2 out of 6 patients.  
 Pre-operative anemia and hypoalbuminemia showed p- value 0.050 & 0.037 
respectively found to have extremely significant association with wound 
dehiscence. 
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 Diabetes mellitus was seen in 2 out of 6 wound dehiscence patients and p 
value obtained was 0.146 which means an insignificant association with wound 
dehiscence.  
 Increased BMI had p value more than 0.015 and found to have significant 
association with wound dehiscence. 
 Wound infection, 5 out of 27 wound dehiscence patients had p value less 
than 0.001 and showed significant association with wound dehiscence. 
 Even when 100% of malignant patients had wound dehiscence ,malignancy  
show significant association with wound dehiscence on statistical analysis, the 
number of cases were less.  
 In current study mean value of post-operative day of wound dehiscence is 
5.8 days.  
 If there is absence of combination of all the three factors- pre-operative 
anemia, hypoalbuminemia and obesity, there is higher chance that the patient will 
not develop wound dehiscence.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSION 
  
86  
CONCLUSION 
 Wound dehiscence is a serious sequel of impaired wound healing. Inspite of 
medical advancement, frequency of wound dehiscence in emergency laparotomy 
remains high. Multiple factors together predispose to this grave complication. 
Knowledge of the more common mechanisms and highly contributing factors will 
help to keep high risk patients under strict surveillance to reduce the incidence of 
this notorious complication. Various putative risk factors for abdominal wound 
dehiscence were investigated and significant risk factors for abdominal wound 
dehiscence identified in this study are pre-operative hypoalbuminemia, pre-
operative anemia, intra-abdominal sepsis/wound infection and obesity. Elderly 
patients, female sex and malignant patients showed higher vulnerability for wound 
dehiscence. Our aim to check the predictive ability of  factors- pre-operative 
anemia, hypoalbuminemia and obesity showed that they can be used to predict 
patients who may not develop wound dehiscence rather than in predicting patients 
who may develop wound dehiscence. From the results of this study, we can also 
conclude that a number of risk factors for abdominal wound dehiscence can be 
mitigated during the perioperative period. Thus we conclude that if the above 
predisposing factors are well understood before doing any emergency abdominal 
surgery, the present incidence and burden on health care system can be reduced 
further. 
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ABBREVIATIONS                                                    
• ADP  - Adenosine diphosphate 
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• ATP  - Adenosine triphosphate 
• BC  - Before Christ 
• c-AMP - Cyclic adenosine monophosphate  
• CDC  - Centers for Disease Control and Prevention 
• CE  - Common Era  
• CXCR4 - CXC chemokine receptor 4 
• DNA  - Deoxyribonucleic acid 
• EGFR - Epidermal growth factor receptor. 
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• EPC  - Endothelial precursor cells 
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xxiii 
 
• NOS  - Nitric oxide synthase 
• PAF  - Platelet Activating Factor 
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• PMNs - Polymorphonuclear cells 
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DM Diabetes Mellitus 
BMI Body Mass Index 
PULM DIS. Pulmonary Disease 
SEPSIS/WI Intra-abdominal sepsis 
ALB Hypoalbunimea 
MALIG Malignancy 
M Male 
F Female 
Pre-op Pre-operative 
Post-op Post-operative 
CRT Creatinine 
DEHISC Dehiscence 
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